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Dryland Pastures for the Great Plains
By
O. K. Barnes and A. L. Nelson1
INTRODUCTION
THE BREAKING OF NATIVE SOD and the tilling for the productionof crops have caused losses of nitrogen and organic matter.
In the Plains region of eastern Wyoming it is impracticable to re-
store these losses by artificial application. However, it may be pos-
sible to check further losses and restore, to some extent, those which
have occurred by reseeding a portion of the tilled land to grass
or to grass/legume mixtures.
Dryland which has been reseeded to grass or a grass/legume
mixture, and pastured, has produced as much as 149 pounds of
lamb per acre in one season. In addition, the animals return in
the neighborhood of 70-75 percent of the forage consumed. If a
legume is part of this forage it may be possible that the soil will
be enriched in nitrogen and organic matter by the animal drop-
pings, by forage not consumed, and by the roots of the plants.
If the land is again broken for the production of annual crops,
the improved soil, having been seeded to grass, gives greater se-
curity for a more advantageous use of the limited water supply
of this region.
The introduction of grass or a grass/legume mixture into the
farming system promotes soil conservation and improves the
farmer's economic status in so far as risks are concerned from de-
structive storms, droughts, and unfavorable economic conditions.
With these factors in mind, the research reported in this bulletin
was started in 194(
DESCRIPTION OF THE AREA
This study has been conducted at the Archer Field Station
10 miles east of Cheyenne, Wyoming. This southeastern portion
of Wyoming includes a considerable area of dryland farming, prin-
lAssociate Agronomist, Soil Conservation Service Research Division,
and Agronomist (Retired), Bureau of Plant Industry, SOIls and
Agricultural Engineering. This study was conducted as a coop~ra-
tive project of the Wyoming Experiment Station, the Research DIvI-
sion of the Soil Conservation Service, and the Bureau of Plant
Industry, Soils and Agricultural Engineering.
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cipally wheat. The Archer Field Station is situated on the western
edge of this dry land farming area. The elevation at this location
is approximately 6,000 feet.
Soils: The principal soil type on the Station is designated as
Altvon 10am2• The following summary is based on the description
made of these soils at the time they were put in the Altvon series:
from 0-1 inch depth there occurs a grayish brown, very fine sandy
loam of weak, fine crumb structure; 1-6 inches, a grayish brown
friable loam of medium to fine crumb structure; 6-10 inch depth
is a brown, light clay loam or sandy clay loam with moderately
developed prismatic macro-structure; 10-18 inch depth is a brown
clay loam with strong prismatic-nuciform structure. The maxi-
mum clay accumulation occurs in this horizon. A light grayish
brown clay loam occurs at the 17-22 inch depth, light colored mottles
caused by calcium carbonate deposits; 22~30 inch depth, pale brown,
friable sandy clay loam containing much soft, finely divided car-
bonate of lime. The maximum accumulation of carbonate occurs
in this horizon. From 30-37 inch depth a friable, calcareous fine
sandy loam occurs.
This soil type is described as fairly extensive in eastern Wyo-
ming and in Colorado.
Native Vegetation of the Area: The native vegetation of the
area is typical shortgrass plains type. The major species on this
type are blue grama and buffalograss. The minor species include
western wheatgrass, needleandthreadgrass, junegrass, Sandberg
bluegrass, dry land sedges, and several annual and perennial forbs.
CLIMATIC CONDITIONS
The precipitation at this location from 1913 to 1949 averaged
14.67 inches. Of the total precipitation, an average of 11.56 inches
came between April 1 and September 30. The average for the
period of these studies, 1941 through 1949, was 17.16 inches for
the year and 13.09 for the April-to-September period. The pre-
cipitation data by months are shown in Table 1.
During the nine years of this study precipitation in the grow-
ing season exceeded the long-time average in six years. Two years
during this period were approximately equal to the long-time
average and in one year the precipitation was 33 percent below
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the long-time average. The average for the nine years shows that
there was 17 percent more precipitation than there was for the
37-year average from 1913 to 1949.
EXPERIMENTAL PROCEDURE
History of Field Used for Study: Two pieces of old farm land
were used in this study of dryland pastures. Field No.1, consist-
ing of about 23 acres, was used to study several grass species that
were drilled in with an ordinary grain drill with the rows seven
inches apart. Field No.2 included four acres on which two seed-
ings were made with the grass rows spaced 35 inches apart. Both
these fields were broken out of native sad in 1912 and were farmed
until 1941, when the grass plantings were made. The crops grown
on these fields included small grains and corn. Field No.1 received
an application of manure in 1918 and again every three years there-
after until 1937. No manure was applied during the five years
preceding the start of this grass pasture study. Field No.2, where
the 35-inch row plantings were made, received no manure during
its crop history.
Land Preparation and Seeding: The land used for this pasture
study was in corn during 1940. In the spring of 1941, a rod weeder
was run over these fields just before seeding. All seedings, with
one exception, were put in between April 11 and 17, 1941. The
blue grama and buffalograss seeding was made May 17, 1941. The
seed was put in with a single-disc surface drill. The rate of seed-
ing for all species varied from six to eight pounds per acre. For
the pastures with the grass rows 35 inches apart, the rate of seed-
ing was approximately four pounds per acre. For this seeding,
four holes in the drill were plugged with the next two holes open.
This resulted in two rows seeded seven inches apart with a 35-inch
space between these double rows.
Species and Mixtures Used: Field No.1 was divided into six
equal-sized units, 3.78 acres each, seeded as follows:
1. Standard crested wheatgrass (Agropyron cristatum)
2. Fairway crested wheatgrass (Agropyron crista tum )
3. Russian wildrye (Elymus junceus)
4. Western wheatgrass (Agropyron smithi)
5. Grass Mixture No.2
6. Mixture No. 1
Field No.2 was divided into two equal parts, 1.98 acres each, seeded
in 35-inch rows as follows:
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7. Standard crested wheatgrass
8. Mixture No.3
The composition of the above mixtures was as follows:
Mixture No.1
Blue gram a 9 lbs.
Buffalograss 1 lb.
Mixture No.2






Standard crested wheatgrass 5 lbs.
Yellow blossom sweet clover 1 lb.
Ladak alfalfa 2 lbs.
The seeding rate for these mixtures after they were mixed
in the above proportions was about seven pounds per acre on the
standard drilled pastures, and about four pounds per acre on the
pastures seeded in 35-inch rows.
Stand Establishment: An excellent stand was obtained on all
seedings during the first year. In July of the first year, very light
grazing with sheep was permitted in order to control some weed
growth. In the spring of 1942, one year after seeding, experi-
mental grazing with sheep was started.
Grazing: Sheep have been used for all grazing comparisons
on these pastures for several reasons. One is that smaller acreages
can be used which allow greater uniformity as to soils and topog-
raphy between pastures. The flock of sheep owned by the Station
was built up from a few sheep obtained earlier from a range flock
in the area. They were typical range animals weighing about 125
ounds when they go on pasture in the spring.
To stock these experimental pastures, all ewes and lambs were
eighed each spring and sorted into groups of ewes and lambs of
omparable age and weights. Permanent numbers and records on
the animals were kept which made it possible to have the indi-
vidual lots very similar. The initial and final weights of the sheep
n the experimental pastures were based, in most instances, on
he average weights obtained from three consecutive daily weights.
ccasionally it was impossible to obtain more than two consecu-









use twin lambs each year. The ratio of lambs to ewes was kept
as nearly alike between pastures as was possible. This ratio of
lambs to ewes ranged from 120 to 125 percent for the different
groups each year. Stocking of native range was handled in the
same manner as the seeded pastures; hence the comparison of
seeded pastures with native range was on the same basis.
The number of animals put on pasture varied from year to
year in order to utilize fully the available feed while it was in
prime condition for grazing. When the growing conditions exceeded
or fell short of that anticipated in early spring, the stocking rate
was increased or decreased to meet the situation. Utilization esti-
mates were made regularly in order to obtain a comparable degree
of use on all pastures.
Pasture Management: Except for blue grama and buffalograss,
all grasses used in this study were cool-season species, making their
growth during the cool weather of early spring. The exceptions
noted are warm-season species which make their growth in late
spring and summer. In the first year of grazing, all pastures, except
the blue grama/buffalograss pastures, were stocked by the middle of
April and managed so as to make full utilization, of the spring
growth by early June. Blue grama and buffalo grass were used
during the summer and fall. The experience of the first year indi-
cated some adjustments in this plan. Although Russian wildrye
was excellent spring pasture, it showed no advantage in terms of
production and animal gain over crested wheatgrass during the
spring. Russian wildrye therefore has been used as a summer
pasture. The experience of grazing western wheatgrass during
the first three years suggested another change in management.
This starts growth somewhat later than crested wheatgrass, and
regrowth is slower. Beginning in the fourth year, western wheat-
grass was used as a late-spring/summer pasture. Thus the time
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On the pastures used in spring there was generally enough
moisture and cool weather during summer or fall to allow a second
period of use. In order to determine what the maximum grazing
capacity was for all pastures, the practice in this study was to keep
sufficient sheep in reserve to allow restocking of pastures when-
ever the regrowth reached 4 or 6 inches.
Vegetative Studies: Density measurements were made at in-
tervals on these seeded pastures. Basal density was estimated by
reading 15 transects, 1 x 10 decimeters each, scattered at random
across the pastures. Vegetative utilization was measured by meas-
uring leaf height at 100 points across each pasture and by clipping
10 plots each of 4 square feet randomized across each pasture to
determine the forage left at end of the grazing season.
RESULTS
The objective of this study was to determine what grasses and
combinations of grasses and legumes would be suitable for conser-
vation use in this plains area when under full grazing use. From
a conservation standpoint, at least two questions were of impor-
tance. First, would the species become established and maintain
adequate plant cover to protect the land from excessive wind and
water erosion? Second, would the species increase organic matter
and increase the productivity of the land for future cropping? The
results showed that all species included in the test maintained
good ground cover while under grazing during the period of this
study. The second requirement is a phase of the study that has
not yet been completed.
Before any conservation practice receives widespread applica-
tion, its potential economic value needs appraisal. The following
report bears strongly on that phase of the study of grasses for
conservation. It attempts to point out the economic importance
of dryland pastures and the various combinations and how they
may be used. Under farm or ranch conditions, maximum use may
or may not be made of these grasses as they were in these tests.
However, the results show what can be expected of the various
~rasses.
Reported here are the results of eight years of grazing from
the different grasses and combinations as outlined under "Experi-
ental Procedure." It was found that some grasses could be used
t almost any time of the year; others had restricted seasons of
Use if maximum daily gains on the animals were to be obtained.
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Higher gains and higher grazing capacities were found to be the
reward for properly planning the pasture combinations for a par-
ticular situation.
Grazing capacities in this study are reported as sheep days
per acre as well as the number of sheep that could be carried per
acre per month. The figure on sheep days per acre is simply the
total number of ewes per pasture, multiplied by the number f
days on pasture. This figure was divided by the acreage of the
pasture to obtain sheep days per acre. The number of ewes with
lamb that could be carried per acre for any given period was ca..
culated simply by dividing the number of sheep days per acre
shown for a pasture by the number of days the animals were on
the pasture. For example, western wheatgrass had an average
grazing capacity of 111 sheep days per acre, and, where the plan
called for 40 days of grazing on such pasture, the figure was 111
divided by 40, which shows that western wheatgrass could support
2.8 ewes with lamb per acre for a 40-day period. This, of course,
presumes that the season of use for any flock approximates that
reported for these various species. Obviously this is simply a guide,
as climatic variations, age of stand, and other factors enter into
the actual stocking rates and periods of use.
Animal gains reported here included only the lamb gain pel'
acre, although per-head gains of ewes and lambs were measured.
Where pastures are studied at different seasons of the year and
are stocked for periods varying from 30 to 150 days, fair compari-
sons of per-head gains cannot be made. Therefore, gains per acre
are reported as the most convenient measure of relative produc-
tivity between pastures for any given season of the year. In re-
ality, comparison of gains between pastures is not strictly valid
unless the pastures are used at about the same time of the year
whereas the figures on grazing capacity represent total production
for the year, and comparison of one pasture with another is fail
in this respect. Thus the data reported here are largely a measur
of what can be expected from dryland areas when these various
grasses and legumes are used for pasture for seasons of the yea
somewhat similar to those in this study.
Analysis of the daily gains made by the animals on these dif·
ferent pastures showed little difference in gains for any give
period and for animals of similar age. Exceptions were found OJ
the blue grama/buffalograss pasture, where gains were quite low
and on the grass/legume mixture where gains were above average
In other words, the results from most pastures indicated that whe
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the grasses are used while in prime condition and with ample
amounts available, there was little difference in the daily gains
put on by the animals.
FIG. I-General View of the Crested Wheatgrass Pastures. The
Fairway Strain Is in the Foreground. The Standard Strain
Adjoins This Pasture in the Background
Fairway and Standard Crested Wheatgrass
Season of Use: Both strains of crested wheatgrass ranked at the
top of the list of those tested for early spring grazing. In mixtures
which included Russian wildrye with the crested wheatgrass, the
Russian wildrye was preferred to the crested wheatgrass even in
the early spring, but there appeared to be not enough difference
in palatability at this season to offset the advantage held by crested
wheatgrass in higher productivity. (See Fig. 1.)
During the eight years of this study, there was sufficient growth
to start grazing by about April 15 each year. In this study, 4 to 6
inches of leaf growth was considered proper. The actual dates
when crested wheatgrass reached this point varied from April 12
to 17 during the 8-year period.
To get maximum daily gains on the animals on crested wheat-
grass, it was found important to keep the pastures fairly well
grazed and uniformly grazed. To do this, the pastures were stocked
heavily enough each year to make full use of the forage by the fore
part of June. From June on, the crested wheatgrass became coarse
and stemmy, and animal gains were lower than those made on
-11-
other grass species. Cool, rainy periods during the summer or fall
will generally result in regrowth on crested wheatgrass and thus
allow some additional grazing.
Grazing Capacity: As shown in Table 2, the grazing capacity of
standard crested wheatgrass averaged 143 sheep days per acre for
the 8-year period. Good native range fully utilized during the
same period averaged 60 sheep days per acre. Table 3 expresses
these grazing-capacity figures in terms of sheep months of grazing
per acre. Expressed this way, we find that crested wheatgrass
supported 4.8 sheep months of grazing as compared to 2 sheep
months per acre on native range. These figures were based on
the number of ewes and of days on a pasture. The ewes were with
lamb, but the grazing capacity figures took only the ewe into
account.
The record on these pastures showed that 68 percent of the
annual average grazing capacity was obtained during April and
May. The remaining 32 percent was taken from regrowth during
July or August.
No significant difference developed between these two strains
of crested wheatgrass. In one or two years, the fairway strain
appeared slightly less productive, but the difference would hardly
be considered important under the conditions of this study. Fair-
Table 2-Grazing Capacity on Seeded Pastures and Native Range
in Terms of Sheep Days- of Grazing Per Acre During the
Period 1942 through 1949
8-yr.
1942 1943 1944 1945 1946 1947 1948 1949 Av.
(Sheep days per acre)
Standard crested
wheatgrass 228 196 173 173 58 160 66 90 143
Fairway crested
wheatgrass 228 196 173 173 56 142 66 90 141
Russian wildrye 200 127 114 139 62 87 53 53 104
Western wheat grass 178 154 128 139 49 132 54 54 111
Grass mixture NO.1 195 152 158 169 58 139 62 86 127
Blue grama and
buffalograss 187 145 148 135 54 92 38 68 108
35-in. row platings:
Standard crested
wheatgrass 127 141 67 173 119 147 91 106 121
Standard crested
wheatgrass and
alfalfa 172 157 169 211 127 233 119 122 164
Native range 71 69 59 61 47 70 50 56 60
lA sheep day is a ewe with lamb for one day.
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way crested wheat grass is finer and with more leaf in relation to
stem than the standard strain. However, when these two strains
were used during the spring, there appeared to be little difference
in the grazing capacity and in amount of plant cover furnished.
Table 3-Grazing Capacity on Seeded Pastures and Native Range
in Terms of Sheep Months of Grazing per Acre During the
Period 1942 through 1949
8-yr.
1942 1943 1944 1945 1946 1947 1948 1949 Av.
(Sheep months of grazing)
Standard crested
wheatgrass 7.6 6.5 5.7 5.7 1.9 5.3 2.2 3.0 ·1.8
Fairway crested
wheatgrass 7.6 6.5 5.7 5.7 1.9 4.7 2.2 3.0 4.7
Russian wildrye 6.7 4.2 3.8 4.6 2.1 2.9 1.8 1.8 3.5
Western wheatgrass 5.9 5.1 4.3 46 1.6 4.4 1.8 1.8 3.7
Grass mixture No.1 6.5 5.1 5.3 5.6 1.9 4.6 2.1 2.9 4.2
Blue grama and
buffalo grass 6.2 4.8 4.9 4.5 1.8 3.1 1.3 2.3 3.6
35-in. row plantings:
Standard crested
wheatgrass 4.2 4.7 2.2 5.8 4.0 4.9 3.0 3.5 4.0
Standard crested
wheatgrass and
alfalfa 5.7 5.2 5.6 7.0 4.2 7.8 4.0 4.1 5.5
Native range 2.4 2.3 2.0 2.0 1.6 2.3 1.7 1.9 2.0
Animal Gains: Table 4 summarizes the lamb gains from the seeded
pastures and from native range. The 8-year average for standard
crested wheatgrass amounted to 89 pounds of lamb per acre per
year as compared with 29 pounds from native range. The fairway
strain produced 86 pounds, or 3 pounds less than the standard.
This is not a significant difference.
The relative advantage in gains from crested wheatgrass as
compared with native range is approximately 3 to 1, whereas the
advantage in grazing capacity is approximately 2.4 to 1. It appears
that this difference is due primarily to the period of use for these
two types of pasture, the native range being used continuously-
from late April or early May into September, while the crested
wheatgrass is used from mid-April to early June with some re-
growth in July or August. In other words, the indications from
this study were that any of the grasses included in this study
produced about the same daily gains for any given age of animal
Where the grasses were in prime condition and properly stocked
so that adequate quantities were available. Thus the conclusions
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Ibs, Ibs. Ibs. Ibs. Ibs. tbs. Ibs. ibs. lbs,
were that animal gains can generally be expected to be in line
with the advantage in stocking rate at any particular time of the
year. The grass/legume mixture proved to be an exception to this
statement.
Table 4-Average Lamb Gain per Acre from Various Seeded Pas-
tures and Native Range under Full Utilization from 1942
through 19491
8-yr.
1942 1943 1944 1945 1946 1947 1948 1949 )\v.
Standard crested
wheat grass 143 125 108 90 35 97 53 62 89
Fairway crested
wheatgrass 149 123 107 90 22 88 46 61 86
Russian wildrye 102 65 53 59 31 47 25 20 50
Western wheatgrass 105 77 73 71 27 72 35 34 62
Grass mixture No.2 124 87 94 76 3'3 82 41 56 74
Blue grama/
buffalograss 101 62 37 17 18 13 11 24 35
35-in. row plantings:
Standard crested
wheat grass 56 69 89 46 77 48 63 64
Standard crested
wheatgrass, alfalfa
and sweet clover 134 76 125 71 121 67 79 96
Native range 26 42 29 30 20 30 26 30 29
1)\S described elsewhere in this report, some of these grasses are
used in the spring, some in the summer. Thus total lamb gains
represent production for a particular season and are not all com-
parable one with another except when used during similar seasons
of the year.
Grass Mixture No.2
Season of Use: This mixture included crested and western wheat-
grass and Russian wildrye. Blue grama was included in the seed-
ing mixture, but because the time and method of seeding was
suited to the requirements of the first three species, blue grama
did not become established. The season of use on this mixture was
identical to that described for crested wheatgrass alone: that is,
mid-April to late Mayor early June and any regrowth that de-
veloped later in the season.
On this pasture the animals always concentrate first on Russian
wildrye, which starts growth in the spring as early as the crested
wheatgrass. As soon as the Russian wildrye was used, the animals
turn to crested and western wheatgrass. The length of time that
Russian wildrye supported the grazing varied, of course, from year
to year. However, each year the crested wheatgrass was put off
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by the animals until some of it had become somewhat coarse and
stemmy. This resulted in uneven utilization and in loss of forage.
To make use of this forage meant forcing the animals to this coarse
feed, which resulted in a sacrifice in animal gains. This is a point
of practical importance. To obtain the maximum period of palat-
able grazing, the highest grazing capacity, and the highest animal
gains per acre, it appears advisable in most cases to seed the differ-
ent grasses in pure stands and in separate pastures and to regulate
the animals, rather than to depend on the animals to regulate
themselves on a mixture designed to carry them through different
seasons.
It is recognized that there should be exceptions to this recom-
mendation regarding grass mixtures. One example would be on
soils with extreme variations, such as wet and dry spots and alkali
spots .. Here, certainly, mixtures of species tolerant to the major
variations would be desirable.
Grazing Capacity: An average of 127 sheep days per acre has
been obtained from the grass mixture as compared with 143 from
crested wheatgrass alone. Thus for spring grazing this mixture
averaged 12 percent less than for crested wheatgrass. As a spring-
summer-fall pasture, it failed to provide palatable feed beyond
late spring, whereas the same species in pure stands had palatable
feed throughout the year.
Animal Gains: On this mixture the lambs gained an average of
74 pounds per acre per year as compared with 89 pounds on crested
wheatgrass alone. The daily gain made by the lambs on the grass
mixture was 0.474 pounds as compared with 0.540 on crested wheat-
grass alone. Although this was not a large difference, it amounted
to 2 pounds per head per month. It appears that the difference can
be attributed primarily to the fact that the animals concentrate
on Russian wildrye and allow the crested wheatgrass to become
slightly unpalatable before they start grazing it.
VVestern VVheatgrass
Season of Use: The results from this study indicated that this
species has its most useful position in the pasture program as a
late spring/early summer pasture. During the first four years of
this study, western wheatgrass was used as an early-spring pasture,
as was crested wheatgrass. During this time it became evident
that western wheatgrass offered about 29 percent less than crested
wheatgrass in grazing capacity. Beginning in the fifth year, this
-15-
FIG. 2-View of the Russian Wildrye Pasture on the Right and
Western Wheatgrass on the Left at the Archer Field
Station
pasture was not stocked until early May and at a relatively light
rate, so that grazing would just keep up with regrowth. This
method of management kept the animals gaining as fast as they
did on any other pasture and allowed an average of 65 days of
grazing per year. (See Fig. 2.)
Grazing Capacity: Western wheatgrass has averaged 111 sheep
days of grazing per acre per year. This represents 3.7 sheep months
per acre as compared to 4.8 from crested wheatgrass and 2.0 sheep
months per acre from native range.
From the results of this study it appears that western wheat-
grass would have a limited place in the dryland pasture program.
Its advantages as seen in this study are that it goes into the hot
weather somewhat more palatable than does crested wheatgrass;
secondly, as a sod-forming grass, there is a more uniform ground
cover and a smoother cover than there is with a bunchgrass such
as crested wheatgrass. Its chief disadvantage was a 29 percent
lower grazing capacity than crested wheatgrass, and as a pasture
for the entire summer it was less palatable than Russian wildrye.
Animal Gains: Over the 8-year period, this pasture produced an
average of 62pounds of lamb per acre per year. This may be com-
pared with 89pounds from crested wheatgrass and with 29 pounds
from native range.
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FIG. 3-During the Winter, Sheep Were Turned into a 30-acre Field
of Grass Plots. Five Different Species on Small Plots
Were Scattered over this Field. The Sheep Roamed over
this Field each Winter and Cleaned up all Russian Wildrye
Plots (3) before Touching even such Palatable Species as
Smooth Brome (1) and Blue Grama (2) as Shown above
Russian Wildrye
Season of Use: Of the grasses included in this study, Russian wild-
rye was outstanding from a palatability standpoint. In this study
it was used as a summer pasture during June and July. Palata-
bility studies have been ~ade during the winter on the Archer
Station, and Russian wildrye clearly ranked higher than blue
grama, smooth brome, or crested and western wheatgrass at this
location. (See Figure 3.)
As may be observed in Figure 2, this species is a bunchgrass
with foliage confined largely to basal leaves, limiting it to pastur-
ing generally rather than for hay. The forage stayed green longer
than did crested wheatgrass, and even after it was browned and
cured, palatability remained exceptionally high.
Grazing Capacity: Russian wildrye averaged 104 sheep days per
acre, or 3.5 sheep months of grazing per acre per year, as compared
to 4.8 from crested wheat grass and 2.0 sheep months per acre
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from native range. These figures show that for a strictly spring
pasture, crested wheatgrass had a higher total production average.
However, Russian wildrye ranked extremely high in palatability
and appeared to be equal to native shortgrass range in this factor
and in length of grazing season. For the 8-year period it had an
average grazing capacity 70 percent greater than native range.
Blue Grama and Buffalograss
Season of Use: Both of these grasses are warm-season species,
that is, they make their growth in the very late spring and early
summer. Both species are native to the plains country and have
an established reputation as good forage during the summer, fall,
and winter. In this study, this pasture was used for summer/fall
grazing. To fit in with the pasture program here, the pasture was
generally stocked in mid- or late July and continued through
September.
Grazing Capacity: The grazing capacity and forage production
from this pasture of warm-season grasses averaged 108 sheep days
per acre as compared with 60 from native range. This 'is 80 per-
cent more from the seeded pasture than from the native range.
To some extent, this figure should be lowered because of low
palatability and consumption, which is discussed in the animal-
gain section.
The seed used on this pasture came from western Kansas; all
indications so far are that this southern strain is quite productive
and will survive our climatic conditions.
Animal Gains: When all factors are taken into account, this com-
bination of species in the area studied makes a poor pasture. When
this pasture was seeded in 1941 a good stand was obtained, con-
sisting of about 1/10 buffalograss and 9/10 blue grama. So long
as this ratio existed, animal gains were good. Gradually the
buffalo grass began to increase at the expense of the blue grama.
As this change occurred, the animal gains fell rapidly. By 1947
the buffalo grass made up about 6/10 of the cover; the lamb gains
that year averaged only 13 pounds per acre as compared with 101
pounds per acre in 1942, when buffalograss amounted to about 1/10
of the cover. (See Fig. 4.)
As this change took place, there was not so much change in
volume of grass available as there was change in palatability of
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FIG. 4-View of the Seeded Blue Grama/Buffalograss Pasture at
Archer. The Small Clumps of Grass are Blue Grama, the
Remainder of the Cover is BufIalograss. This Pasture Was
Seeded and Maintained about 9/10 Blue Grama the First
Three Years. Later, the BufIalograss Spread and Soon
Made up Nearly 3'4 of the Cover
the pasture. The sheep would almost grub the blue grama plants
, out, then go onto the buffalograss, but, because of their distaste
for the species, their consumption of feed dropped very low, with
serious losses in animal gain, before the proper degree of forage
utilization was reached.
From this study and from some observations of the species on
native range, it appears that buffalograss has been overrated in
palatability in this northern area, at least for sheep. If a warm-
season grass is to be put in, it should be blue grama in pure stands.
The results indicate that pure stands of this grass would make
good pasture arid of a higher level of production than native range.
Blue grama seed from southern sources established in 1941 on
nursery plots has maintained excellent stands into 1949. This
would indicate that this strain of blue grama was winter hardy
and capable of withstanding these climatic conditions. The fact
that the blue grama tended to give way to buffalograss on this
pasture appears to be due largely to overuse of the blue grama.
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Crested Wheatgrass Alone and With Alfalfa
Two pastures were included in this comparison. They were
seeded in 35-inch rows in 1941 at the same time that the above
pastures were drilled in with 7-inch rows. The past history or the
land where these two pastures were located was not entirely com-
parable to the land where the above six pastures were located.
Thus comparisons of pastures within these two groups require
some qualification although comparisons between pastures within
either group are fair. (See Fig. 5.)
The mixture originally consisted of crested wheatgrass, alfalfa.
and sweet clover. However, by the third year the clover had
largely disappeared and the pasture after that time consisted of
about 80 percent grass and 20 percent alfalfa. This mixture was
tested in comparison with crested wheatgrass without legumes.
Season of Use: Both of these pastures were used as early spring
pastures from mid-April to early June and again if regrowth
developed in July or August. During April there generally were
only small quantities of alfalfa available to the sheep for grazing.
By May, of course, the alfalfa furnished considerable forage. In
the proportion occurring in this mixture there was never a sign
of bloating from the alfalfa.
The crested wheatgrass and alfalfa usually remained green
and palatable later into June than did the straight grass pasture.
This was a real advantage that could be measured in increased
animal gains.
Grazing Capacity: The crested wheatgrass and alfalfa carried an
average of 164 sheep days per acre as compared with 121 from the
crested wheatgrass seeded alone. In sheep months of grazing per
acre, this would be approximately 5.5 months from the mixture as
compared with 4.0 from grass alone and only 2.0 sheep months per
acre from native range.
On a percentage basis, the grass/legume mixture carried 35
percent more animals per acre than did the pasture of grass alone.
If this comparison had been made on drilled pastures instead of
pastures seeded in 35-inch rows, it is quite possible that the advan-
tage of 35 percent would be slightly reduced. This statement is
made on the basis that, for pasture, row plantings produced some-
what less than drilled plantings over a period of years, particularly
in years when moisture conditions were favorable. However, the
pasture study and the studies on grass nurseries here clearly indi-
cated a significant advantage for mixtures that included a legume.
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FIG. 5-General View of the 35-inch Row Seeded Pastures. Crested
Wheatgrass and Alfalfa Is Shown in the Foreground. The
Seeding of Crested Wheatgrass Alone Is Shown in the
Background
Animal Gains: The lamb gains from the crested wheatgrass and
alfalfa averaged 96 pounds per acre per year over the 8-year
period as compared with 64 pounds from the pasture of crested
wheatgrass alone. This was a 50 percent difference in favor of
the grass/legume mixture. It is significant that the difference in
stocking rate amounted to 35 percent and that the difference in
animal gains was 50 percent. Both pastures were stocked at the
same time each year and ran through the same period, except that
the grass/legume mixture usually carried the animals somewhat
later into June than did the grass pasture. This simply means
that the animals on the grass/legume mixture were making higher
daily gains than those on crested wheatgrass without a legume.
TREND OF PASTURE PRODUCTION
As of 1949, the pastures in this study were 9 years old and
had been under full utilization for 8 years. By 1949, production
had declined markedly on all pastures and it was apparent that
something should be done about restoring productivity. This de-
cline in production was not associated with any change what-
soever in the amount of ground cover by any of the grasses.
It seems probable that some time between the fifth and tenth
years after these grasses are established, it will be necessary to
apply some improvement practice, such as a fertilizer or mechanical
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renovation, and possibly the introduction of a legume along with
renovation of the old stand, if a high level of productivity is to
be retained. If a good cover and a productivity level somewhere
near native range is enough to satisfy the pasture needs, then the
life of these grass pastures would be much longer. In 1950 these
pastures are to be converted into a test of various methods of
improvement.
Table 5 summarizes the grazing rates and precipitation data
for the 8 years the pastures were grazed, in order to illustrate
production trends in relation to precipitation. Although the dis-
tribution of moisture and temperature relationships have an i .
portant bearing on forage production, the total precipitation gives
some indication of growing conditions for any year. Three years
out of the eight received about the same amount of precipitation dur-
ing the critical spring and early summer season. These years were
1942, 1947, and 1949. In 1942 the pastures were in their second
year; they were seven years old in 1947 and nine years old in 1949.
Although factors previously mentioned do influence production,
it is significant that under similar rainfall, the average producti n
for all these pastures fell 25 percent from the second to the seventh
year and 55 percent by the ninth year.
Western wheatgrass and Russian wildrye dropped off the most
in production, while the mixture of crested wheatgrass and alfalfa
suffered least. However, the decline for any of the pastures ap-
Table 5-Trend of Production of Three Grasses and a Grass/Legume
Mixture in Relation to Precipitation. Pasture Produc-
tion in Terms of Sheep Days of Grazing per Acre per Year
8-yr.
1942 1943 1944 1945 1946 1947 1948 1949 avo
(Sheep days per acre)
Precipitation Record
April-May-June 10.30 6.39 8.06 8.36 5.33 9.99 4.50 9.72 7.83
Total annual 21.75 13.06 g,48 16.41 18.05 19.11 10.81 20.32 16.7l
Pastures
Standard crested
wheatgrass 228 196 173 173 58 160 66 90 143
Russian wildrye 200 127 114 139 62 87 53 53 104
Western wheatgrass178 154 128 139 49 132 54 54 111
35-inch row plantings
Standard crested
Wheatgrass 127 141 67 173 119 147 91 106 121
Standard crested
whsatgrass, alfalfa,
i19 164and sweet clover 172 157 169 211 127 233 122
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peared sufficient to warrant some improvement work or estab-
lishment of new pastures some time during the first 10 years if a
high level of pasture production is necessary to any particular
farm or ranch.
It should be emphasized that the data in Table 5 are only
indicative of the decline. This study was not designed to measure
precisely the trend of production in relation to age of stand. How-
ever, all indications are that the differences in grazing capacity
are due largely to the age and past use of the stands. The records
collected do not distinguish between these factors of age and use.
For some farms similar grass pastures may well be included
in a regular crop rotation. For example, leaving the grass in five
or six years, then breaking it out for farming to grain or other
annual crops, and seeding grass on another piece of cropland for
pasture. Under such a short-time plan, higher average grazing
capacities might be expected than would be the case for long-time
averages.
An incidental study made within an ex closure on each of these
seeded pastures showed a slightly different trend in production.
These exclosures protected small areas from grazing each year
beginning in 1942. Plots within these exclosures were clipped
every year except in 1943 and 1945, as a measure of total produc-
tion for the year. The yield from these protected areas in 1949
was 23 percent above the average for the period 1942-1949, whereas
the grazing capacity for all pastures excluding the blue gramaj
buffalograss pasture for 1949 was 65 percent below the 8-year
average. This meant that the grasses under protection held up in
production much better through the 8-year period than they did
under grazing. This, of course, is of little practical importance as
this production means little unless it can be harvested. However,
the difference does point up at least two factors of importance:
First, if these grasses are cut for hay, their productivity apparently
will hold up better than they have under grazing as practiced in
this study. The second point is the possibility that somewhat
lighter grazing than was used in this study might keep the pasture
productivity up longer. Both these possibilities would bear some
additional study for confirmation.
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PLANT COVER AND COMPOSITION
As previously stated, during the 9 years since these pastures
were seeded, little change occurred in the plant cover. From all
appearances, casual or detailed, the pastures looked as good in 1949
as they did in 1942. This is important from a conservation stand-
point. It means that these species can be expected to act effec-
tively against erosion for a relatively long time. In fact, other
studies on the Station that included all of these grasses have shown
that they have maintained excellent ground cover through 14 years.
In the case of crested wheatgrass, good ground cover was main-
tained on a large pasture at the Station through 17 years.
The percentage of ground cover on the different pastures is
summarized in Table 6. Most methods of measuring such per-
centage will vary. To give a better idea of the relative amount
of cover on these pastures, the percentage of cover on good native
shortgrass range was measured by the same method and is given
with the data for the seeded pastures.
Table 6-Density Readings on Seeded Pastures as Compared with
Native Range Cover
Seeded pastures Basal plant cover
Percent
Standard crested wheatgrass 12.6
Fairway crested wheat grass 17.4
Russian wildrye 16.9
Western wheatgrass 12.2
Grass mixture No. 2 12.5
Blue gram a/buffalo grass 36.4
35-inch row seeding of crested wheatgrass 7.7
Native shortgrass range 24.9
Little change occurred in the composition of these pastures.
That is to say, there was little encroachment of native species,
weeds, or annual grasses. All grasses, as seeded in 1941, remained
sufficiently vigorous to keep out any appreciable invasion of such
plants, even the annual weeds. One exception to this is the seeded
pasture of blue grama and buffalo grass. Although a good cover
was maintained, the blue grama/buffalograss pasture was seriously
invaded by cheatgrass, several annual weeds, and by cool-season
grasses from adjoining pastures. The_ principal cool-season grasses
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coming into this pasture were crested wheatgrass and Rus-
sian wildrye. This invasion appeared to be due primarily to the
fact that both of these seeded species are warm-season plants. Blue
grama and buffalograss usually are dormant until late spring and
make their growth during late May and in June. The invaders
made their growth from late March through April and May. Thus
the grasses seeded on this pasture afforded little competition for
a period of about 6 weeks during the early spring. Another factor
that aided this invasion to some extent was the low palatability
of buffalo grass and the resulting overuse on blue grama. This
condition apparently lowered competitive ability of blue grama,
as an ex closure within the pasture, where no grazing was allowed,
had fewer invading plants than the pastured area.
The use of warm-season grasses for reseeding probably will
always present a problem of invasion, although the problem cer-
tainly doesn't appear serious enough to prohibit use of these species.
It appears to involve careful management including, for example,
properly managed early grazing to hold down weed invasion and
at the same time to avoid excessive use of the warm-season grass
just at the time they are starting growth. Theoretically, seeding
a combination of warm and cool-season species to provide a mixture
somewhat comparable to native shortgrass range would take care
of excessive invasion by annual weeds. However, to do this in-
volves at least one real difficulty-that of date of seeding. The
cool-season grasses need to be seeded in the very early spring and
the warm-season species in the late spring. There are other factors
entering into establishment that make it difficult to obtain satis-
factory proportions and stands of cool and warm-season grasses.
PASTURE UTILIZATION
It was not possible in this study to carry out comparisons of
the effect on the plants of different degrees of forage utilization.
The aim in the management of these pastures was to make full
use of the forage while in palatable condition. It was arbitrarily
assumed that full use should never allow grazing closer than an
average leaf or stubble height of 2% to 3 inches on the cool-season
grasses. There usually will be scattered stems standing uneaten
that are much taller than 3 inches even when the main portion of
the plants may be excessively used. However, in order to main-
tain uniformity of utilization from year to year, it was attempted
to stock the pastures so that the average stubble height left on
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plants, individually and as an average, amounted to 21/2to 3 inches.
Such measurements would exclude from the average the scattered
seed stalks or culms found on most of the crested wheatgrass plants.
If a study of proper use were to be made, improved methods of
measurement would be necessary. However, in this study, the
same individual made the estimates each year and it was possible
to maintain fairly uniform degrees of use from year to year.
The appearance of these various pastures, based on leaf or
stubble height, was quite different under similar degrees of use.
Crested wheatgrass, because of the abundance of seed stalks, ap-
peared to have more unused vegetation, and it actually did, than
Russian wildrye. Russian wildrye had most of its growth in basal
leaves; when 2V2 to 3 inches of leaf was left per clump, it had more
of the appearance of a shortgrass range. Western wheatgrass also
presents a shorter general appearance under 21/2 to 3-inch u"iliz;l-
tion than did crested wheatgrass, because of presence of more of
the non-palatable seed stalks on crested wheatgrass. (See Figure 6.)
The utilization of blue gram a and buffalograss is, of course, some-
what different than it is for the cool-season species listed above-
With these two warm-season species, proper use is around 1 inch
of leaf left each year. The normal leaf height for a year's growth
on these species amounts to 21/2 to 31/2 inches. Under the system
of use in this study, approximately 1 inch of leaf was left as an
average for both species. As previously described, the average for
each of these individual species was not as it should have been,
but under normal conditions this seems to be a safe degree of
utilization for either blue gram a or buffalograss for this localit~.
It should be repeated that this report does not furnish a basIS
f?r judging whether these degrees of utilization are the best. . It
sImply describes the degree of use from which the grazing-capacIty
figures were obtained and the condition of the pastures after 8
years of such use.
PROPER BALANCE OF VARIOUS SPECIES
Numerous combinations could be worked out using these dif-
~erent grasses, either with or without native range. For eX3.mp.le,
If a farmer wants some livestock but has no native range, the stu~hes
here indicated that the USE of two or three of these grasses would
provide excellent pasture at a relatively high rate for spring, sum-:ner, and fall grazing. Using the 8-year average for these pas~ures,
t would require approximately 0.28 of an acre of a crested wneat-
rass /alfalfa mixture to carry each ewe and lamb through the
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early spring and including some later regrowth. If western wheat-
grass were to be used for the late spring/early summer pasture,
it would require 0.4 of an acre of this grass to carry the ewe and
lamb. Using Russian wildrye as the pasture for the rest of the
summer and fall, say up to December 1, in this example would
require 1.6 acres for the ewe and the lamb up to weaning and for
the ewe only, from then to December 1. This makes a total re-
quirement of 2.28 acres of these three grasses per ewe and lamb
from April 15 to December 1. If cattle were to be used and we
assume 5 ewes equal to 1 cow for grazing-capacity purposes, this
amounts to 11.4 acres per cow for 8% months. Other combinations
can be provided to fit into available native range or other sources
of grazing.
The acreage figures above make no provision for reserves in
time of drouth. This reserve is just as important with seeded pas-
tures as it is for native range. In applying data from these pastures,
it will be well also (0 keep in mind that precipitation for the period
of this study was 17 percent above the long-time average and, there-
fore, acreages seeded should take this into account. If a reserve
of say 50 percent were allowed for these possibilities, the acreage
figure of the three grasses given in the example would be 3.42
acres per ewe and lamb from April 15 to December 1. If we com-
pared this with native range bearing the same reserve provisions,
it would require 6.6 acres to carry the ewe and lamb through the
same period of time.
Much can be accomplished in improving native ranges by work-
ing in various combinations of these dryland pastures. These
seeded pastures used for spring and summer grazing, in many cases,
will allow valuable improvements in native range that may have
been subject to considerable pressure during past growing seasons.
Such combinations also may well be expected to increase the sea-
sonal lamb gain by providing abundant feed of high palatability
throughout the year.
FLUCTUATIONS IN PRODUCTION
In years of extreme moisture deficiencies during April and
May, the cool-season grasses made little growth. For example,
precipitation for April and the first half of May 1946 was extremely
deficient. Precipitation received in the remainder of the season
did not greatly benefit the cool-season grasses although it did
benefit the native range, which consisted of both cool and warm-
season grasses. From data collected at this location, there is noth-
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ing to indicate that there would be any greater fluctuations in pro-
duction from these seeded grasses due to climatic variations over
a long period of time than would be expected from good native
range. If the record for native range at the Archer Field Station
is taken for 1939 and 1941, it shows there was a variation of 400
percent in grazing capacity. The entire growing season of 1939
suffered extreme drouth; 1941 broke the 30-year record for growing-
season precipitation with excellent distribution. In other words,
it appears that any precautions that make for sound management
for native range against drouth years would be equally applicable
for acreages of these seeded pastures.
SUMMARY
This study, which started in 1941, has shown that all grasses
included are well adapted to dryland conditions of this portion of
the plains. All species or mixtures maintained excellent ground
cover throughout the study. However, during the course of this
work it became evident that these grasses under full grazing utili-
zation fall off in forage production as they age and that some treat-
ment-or possibly starting over-will be necessary to obtain a high
level of production after 5 to 8 years of grazing.
The grazing results for 8 years show that any of these grasses
will carry approximately two to three times more animals per acre
than good native range will carry. The animal gain advantage is
equal to, or in some cases greater than, this relative advantage in
grazing capacity.
During the course of this study it was found that different
grasses were well suited to different seasons of use. This would
strongly encourage seeding several different grasses in separate
pastures in acreages planned to meet individual grazing needs at
different times of the year. Seeding mixtures of grasses for the
purpose of having palatable species available throughout the season
have failed. The animals do not regulate themselves to accomplish
this objective and, for this reason, having separate pastures for
each species is a distinct advantage in providing season or year-
long grazing.
Seeding a legume with the individual grasses appears to be
valuable. In the comparison of crested wheatgrass with and with-
out alfalfa it was found that the crested wheatgrass with alfalfa
carried about one-third more sheep and produced 50 percent more
lamb gain per acre than did the crested wheatgrass alone.
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Crested wheatgrass is outstanding as an early-spring pasture.
In this study little difference was found between the standard and
fairway strains. Western wheatgrass has proved useful as a late
spring/early summer pasture. This species has the distinct advan-
tage of providing excellent ground cover, with a much more uni-
form plant cover than the bunchgrasses such as crested wheatgrass.
Russian wildrye has been the outstanding grass from the stand-
point of palatability at any time of the year. It has a lower grazing
capacity than crested wheatgrass; during the spring, when crested
wheatgrass rates quite high in palatability, the latter has the edge
over Russian wildrye. However, for summer, fall, or winter graz-
ing, this wildrye has proved a most valuable pasture grass. Blue
gram a has made an excellent summer/fall pasture. However, in
this study buffalograss seeded with blue grama soon reduced blue
grama to a minor portion and thereby reduced the value of the
pasture. This was due to an extremely low palatability rating on
buffalo grass for sheep.
This study furnishes a record of grazing rates and animal gains
from several grasses and mixtures that may be the basis for im-
proved planning for reseeding and pasture programs. It ,brings out
some advantages of planting grasses designed for individual and
seasonal pasture requirements. It is also apparent that legumes
should be included where possible in order to get the most out of
the pasture. These grasses are, of course, dependent on moisture
for growth and are therefore subject to the same problems of
grazing management and adjustments encountered on native range.
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